Many biological processes are affected by electromagnetic fields. Effect of electromagnetic field on proliferation, cell division, wound healing and gene expression were examined. Angiogenesis, new blood vessel formation, which is required for embryonic development and many physiological events, plays a crucial role in the pathobiology of tumors and researches show angiogenesis inhibition could be an effective therapeutic strategy for patients with cancer. In this research, effects of low-frequency electromagnetic field on VEGF-A, VEGFR-2 and MMP gene expression as potent biomarkers of angiogenesis was investigated in human breast cancer cells. MCF-7 cells were grown in RPMI 1640 medium supplemented with 10% FBS and incubated at 37˚C with 5% CO2. After 48h all flasks exposed with electromagnetic field (50Hz, 0.004 T) then total RNA was extracted and cDNA was synthesized using specific primer. Finally synthesized products were analyzed by Real Time PCR to determine expression level of VEGF-A, VEGFR-2 and MMP. Data was analyzed by SPSS software ANOVA and Tukey. Data analysis shows inhibitory effect of low-frequency bio electromagnetic field with 50Hz, 400 gauss intensity in MCF-7 cell line compared with control group. Although all genes did not show same reduction but gene expression in all cases affected by low-frequency electromagnetic field. Significant inhibitory effect on gene expression was for VEGFR-2 with 25% decrease P<0.001. Matrix Metalloproteinase gene level decreased 8% (P˂0.05) while it was noticeable for VEGF-A at P˃0.05. Results indicate decreases in the expression of biomarkers of angiogenesis in the treated samples with lowfrequency electromagnetic field with 400 gauss intensity in MCF-7 cell line compared with control group which may be promising prevention for angiogenesis related diseases.
Introduction
Angiogenesis, is an important biological process not only under physiological conditions such as embryo development, ovulation, wound healing but also in a variety of especial pathological condition for instance hypoxia, diseases like arthritis, diabetic retinopathy and metastasis [1] . Although hypoxic condition is the key regulator in malignancy, the action of other factors like oncogenes and tumor suppressor genes, hormones, cytokines and other growth factors should not forgotten [2] . Tissues produce and release angiogenic factors like VEGF, FGF, PDGF, angiopoıetins (Ang-1 and Ang-2), hepatocyte growth factor (HGF), Eph which binds to their receptors that are mainly tyrosine kinases (TKRs) on endothelial cells (ECs) that leads to EC activation. Afterwards by adhesion molecules like integrin αvβ3 pulls the sprouting blood vessel. Then matrix metalloproteinases (MMPs) are produced to dissolve the extracellular matrix and to initiate remodeling. More over tubule formation done by angiopoietin-Tie-2 interaction and loop formation regulates by the EphB-ephrinB system. Finally pericytes are incorporated to stabilize the newly formed blood vessel [3] - [4] . Angiogenesis stimulators and inhibitors could target one or more of these phases and it is hard trying to recognize new strategies remain under clinical development [5] . On the other hand, use of more effective treatments, with less harms and fewer side effects are considered by researchers. One of these methods is using the low frequency electromagnetic field. Results of variety studies shows different effect on organisms according to type of electromagnetic field, amplitude, frequency and time of exposure and also the genetics of samples [6] . Several mechanisms, both thermal and non thermal, are recognized, by which electromagnetic fields can interact with biological systems. Thermal mechanisms are linked to tissue heat and generate electrical energy changes to heat. Non-thermal mechanisms directly depend on electromagnetic field itself, and low frequency electric fields interfere with cell membrane and decrease stimulation threshold of it [7] . One of the latest researches reveals that using electromagnetic fields with low frequency could deeply effect on angiogenesis process [8] . It is also shown that static magnetic fields impair angiogenesis and growth of solid tumors in vivo and cancer cells. DNA, cell membrane and microtubules could be affected by electromagnetic field. Changes in gene expression, cell interaction and cellular response have been also affected by electromagnetic fields [9] - [10] .
Material and Methods

Cell culture
MCF7 cells were obtained from Pasteur Institute. Cells were cultured in RPMI medium (Biosera, Iran) with 10% fetal bovine serum (Gibco, USA), 100 units/ml penicillin, and 100 µg/ml streptomycin (Sigma, France) and also 1 ml L-glutamine (Sigma, France) and incubated at 37˚C with 5% CO2. 24 hours after cell culture and confidence about cell adhesion to flask to evaluate the viability, Trypan blue (Sigma, France) test was used and pictures captured with a digital camera with inverted microscope (Dinocaptre) for 5 days to investigate cell morphological changes.
Exposing with bio-electromagnetic fields
After 48h of successful cell culture, samples exposed to EMF. Flask placed in 50 Hz, 0.04 T EMF for 1h. In order to generate required electromagnetic field, particular circuit for generating an electromagnetic field with 50 gausses intensity was used (designed and made in Research Laboratory of Developmental Biology, Islamic Azad University of Mashhad, Iran, by Baharara and Ashraf). The circuit includes bobbin coil, 3 Rheostat, capacitor and ammeter. To make bobbin coil, around the PVC (poly colored venial) pipe adequate amount of copper wire according to the calculation of required electromagnetic field with equation of B=µnI was wrapped. (B=intensity of electromagnetic field in terms of Tesla, µ=4π×10, n=the number of rounds per http://www.ispacs.com/journals/ijcmb/2014/ijcmb-00015/ International Scientific Publications and Consulting Services unite length, I=current intensity). To ensure the accuracy of electromagnetic field intensity gauss meter was used to control and calibrate.
RNA extraction
RNA was extracted by total RNA purification kit (Bioscience, Germany). After 48 hours of treatment total RNA was purified and was stored at -20°C until cDNA synthesis. To measure amount of RNA Nanodrap used in wavelengths 260, 280 and 320 nm. Data were analyzed. These data indicate that the concentration of the extracted RNA which used for cDNA synthesis.
RNA concentration = (OD 260 -OD 320) * 40 * 100 2.4. cDNA synthesis cDNA was synthesised by Bioneer Kit (Korea), temperature of synthesis was according to Table 1 . 
Synthesis of primers
The sequence of genes were received from NCBI site and the bioinformatic validation of RT-PCR primers were done in PRIMER BLAST and delivered Bioneer Company (Korea). Primers were designed according to Table 2 . 
Evaluation of gene expression using Real Time PCR
Technique of real time PCR was applied to study gene expression according to the protocol by Bioneer kit (South Korea) Applied Biosystem. According to the protocol Master Mix firstly was prepared and added to strip cap microtube then the cDNA was added to it. Application temperature according Tm of designed primers and the characteristics of the different phases in polymerase chain reaction were determined. Gene expression levels of VEGF-A, VEGFR2 and MMP in samples exposed to low frequency electromagnetic field in comparison with control samples were analyzed by SPSS (V.16). P-value less than 0.05 and CI (Confidence Interval) 95% was accepted as significant. In this project we use relative quantitative which is based on expression of target gene to the reference gene via comparing the target gene efficiency with control sample and also using their Ct. The primer and the temperature of binding primer are essential factors in the optimization of Real Time PCR reaction. So condition of reaction optimized in which http://www.ispacs.com/journals/ijcmb/2014/ijcmb-00015/
International Scientific Publications and Consulting Services no nonspecific products produced. This optimized condition observed by mono peak in melting curve and also electrophoresis in agar gel by looking single sharp band (Figure 2) . The mean ± SD were determined for each study group. Data were analyzed by ANOVA & Tukey multiple comparison procedure to calculate the significance. P < 0.05 value between study groups was taken as statistically significant. Data analysis was reported in figure 1.
Results
Since the PCR reaction efficiency between the target gene and the housekeeping gene (beta-actin) was the same (Figure 3) , comparative threshold cycle (CT) was used in this project. Gene expression studies showed a significant reduction (P˂0.05) in the gene expression levels of samples exposed to bio-electromagnetic field comparing with the control group. Data analysis showed inhibitory effect of with low frequency (50 Hz) bio electromagnetic field on VEGFR2 gene expression with 15% in MCF7 cell line in compare with control group (P˂0.001). As data indicated gene expression of vascular endothelial growth factor receptor-2 was 85%. Use of low frequency (50 Hz) electromagnetic field reveals most reduction with 8% on MMP level (P<0.05) and MMP gene expression was 92%. Low-frequency electromagnetic field itself could reduce VEGF-A to 2% in compared with control group which is not remarkable at P˃0.05. 
Discussion
Some researches show exposure of the cells to electromagnetic field could lead changes in cell functions, induces different responses in living organisms such as effect on cell proliferation and differentiation, disorder in cell cycle and intracellular interactions, induction of programmed cell death, DNA replication, gene expression, cellular communications and free radical production [11] . Low frequency electromagnetic fields have been applied as treatment for some specific pathologic conditions like bone fractures, skin ulcers, migraines [12] . According to a report in 2004, effects of 0.2 T electromagnetic field on angiogenesis in chick chorioallantoic membrane was measured [9] . According to Miyakoshi, 2006 , electromagnetic fields induce DNA damages [13] . Funk, in 2006 also shows electromagnetic fields could reduce cAMP in bone cell culture up to 80% which is one of the most important inhibitory cell proliferation agents [14] . Since each cell have some electric parameter which cause ion charge in cell membrane and cancerous cell had a depolarize ruined membrane with permeability to water and Na+ which lead to anaerobic respiration, hypoxia stress and releasing angiogenic factors, angiogenesis and metastasis [15] . Some researches reveals in pico Tesla range electromagnetic field could be helpful in wood healing and reduce inflammation [16] . Another study reported reduction of angiogenesis in breast adeno carcinoma cells treated with 10, 15 and 20T electromagnetic fields [17] . In 2003, Okana showed that 10 and 15 mT static electromagnetic fields reduce angiogenesis in rats with experimental hypertension. He also shows that 120 mT static magnetic field (SMF) noticeably could reversed the inhibitory effects of TGF-1 on in vitro arteriogenesis, he suggested that SMF could have the potential to modify tubular formation, depending on the origin of the cells and the experimental conditions, including angiogenesis inhibitors or stimulators in the medium used for incubation, field intensity, localization of exposure, exposure duration and heterogeneous or homogeneous magnetic fields [18] . Delle showed some important functions of human micro vascular endothelial cells (in vitro), like proliferation, migration and tube formation are increased under the influence of a sinusoidal electromagnetic field (1 mT, 50 Hz), and the organization of the actin and focal adhesion inside the cell, he shows extremely low frequency sinusoidal electromagnetic fields increased the degree of endothelial cell proliferation and tubule formation and western blot analysis in their research revealed a significant increase in phosphorylation as well as the overall expression of VEGF receptor 2 [19] . Another research done by Chen X and his colleague in 2012, shows inhibitory effects of nanosecond pulsed electric fields on survival of mice with hepato cellular carcinoma with decreases in vascular endothelial growth factor expression and micro-vessel density and apoptosis induction and inhibition of angiogenesis [20] . It is also represented that the synergistic combinations of pulse electromagnetic fields (PEMF) or sinusoidal electromagnetic fields (SEMF) with hyperthermia (41.5°C) and/or cancerostatic agents presented in the tables for cells and mice offer a basis for further development of an adjuvant treatment for patients suffering from malignant tumors and metastases [13] . Obviously time of exposure, amplitude, intensity and type of electromagnetic fields and genetic of samples which used in different research were not same which cause different results. http://www.ispacs.com/journals/ijcmb/2014/ijcmb-00015/ International Scientific Publications and Consulting Services In addition Wang in 2009 reported that gradient static magnetic fields (GSMF) might inhibit or prevent new blood vessels formation and could be helpful for the treatment of some diseases relevant to pathological angiogenesis [21] . It was also shown that 24 to 48 hours exposure to 50Hz and 1Mt bio electromagnetic field could reduce proliferation of nouroblastoma cells [22] which was able to induce apoptosis, decrease hsp-60, bcl-2 and increase in bax protein level [23] - [25] . Although according to data analysis of this in vitro research inhibitory effects of bio electromagnetic field on angiogenesis bio markers was observed. It seems that anti-angiogenesis effects may be another unlike mechanism which mediated with induction of apoptosis and programed cell dead lead to anti-tumor properties in some types of bioelectromagnetic fields. Changes in level of gene expression were seen by using 50 Hz and 2.3 mT electromagnetic fields [26] . Another research in 2004 revealed that effects of electromagnetic field on endothelial cells directly depend on amplitude [27] . Research on MCF-7 cell line showed that 1.5 mT and 25Hz electromagnetic field had no especial inhibitory effects while using 200mT and 217Hz electromagnetic field increased fibro sarcoma cells development significantly [28] - [29] . According to this laboratory research, inhibitory effect of sinusoid low frequency (50 Hz), 0.04 T electromagnetic field on angiogenesis via reduction of VEGFR-2, VEGF-A and MMP level in human breast cancer cells comparing control group was observed. Although more study need to figure out its accurate mechanism.
Conclusion
The results of this study indicated reduction on VEGFR-2, VEGF-A and MMP gene expression in breast cancer cells exposed with the bio electromagnetic field in compare with no treatment cells.
